Objective: Individual differences in the sensitivity to pain and the factors that may contribute to these differences are well studied. Nevertheless, there is no single test that can reliably classify subjects as being sensitive or insensitive to pain. Methods: In the present study, hierarchical clustering and K-means cluster analysis was used to identify subgroups among 191 healthy subjects (105 females, 86 males) according to their sensitivity to pain. Group determination was based on the subjects' response to experimental noxious stimuli of heat (pain intensity), cold (cold pain threshold, tolerance, and intensity), and conditioned pain modulation (CPM, tested by co-administering repeated short painful heat stimuli and a conditioning tonic cold pain stimulation). In addition, in order to determine if the subjects in these subgroups differed on personality traits scores on Cloninger's Tridimensional Personality Questionnaire (TPQ, outcome measure) for the three dimensions of personality: Novelty Seeking (NS); Harm Avoidance (HA); and Reward Dependence (RD) were calculated. Results: Based on pain scores, subjects were grouped as low pain (57%) with a low level of sensitivity in pain parameters, or high pain (43%) cluster members. The high pain had significant higher scores of HA (p = 0.05) and RD (p = 0.05) than the low pain group. Conclusions: This method of sub-grouping may be useful for identifying the mechanisms underlying individual variability in the sensitivity to pain and may point to groups at risk for experiencing high levels of clinical pain.
Introduction
It is widely agreed that pain is uniquely experienced by each person. According to the biopsychosocial approach, the experience of pain consists of complex and dynamic interactions between the biological, socio-cultural, and psychological domains [1] . Each of these domains consists of several factors that can contribute to the entire experience of pain, including gender [2] , ethnicity [3] , age [4] , tendency for catastrophizing and anxiety [5] , personality traits [6] and genetic factors [7] - [9] .
Conducting experimental pain tests on healthy volunteers is a common way of demonstrating inter-individual differences in the sensitivity to pain. However, the studies employing these methods have yielded inconsistent results due to their use of different experimental pain modalities, diverse pain measurements, and varying experimental settings [10] . Hence, these methodological variations preclude the generalization of conclusions from one study to another and create the need for a multi-dimensional approach to determining a typical constellation of pain phenotype.
One way of overcoming this problem is the use of cluster analysis, which is a statistical method of subgrouping subjects based on their similarities in a number of characteristics within each subgroup, while identifying the dissimilarities in the same characteristics between the subgroups. The use of cluster analysis has become common in multiple medical fields. One example is the successful subgrouping of cancer patients into clusters (i.e., mild, moderate, severe, etc.) based on the severity of their multiple symptoms. By creating these clusters, additional significant differences between the subgroups, such as quality of life and level of functioning, can be demonstrated [11] - [14] . Another use of cluster analysis is for the identification of subgroups of patients with neuropathic pain according to characteristic symptom constellation. For example, Baron and his colleagues [15] revealed five distinct clusters (subgroups) of patients with various combinations of sensory symptoms and distinct symptom profiles. Scholz and his colleagues [16] identified six subgroups of patients with neuropathic pain and two subgroups of patients with non-neuropathic pain, based on the patterns of symptoms and signs revealed by their interviews and physical examinations.
To the best of our knowledge, only one attempt has been made using cluster analysis to subgroup healthy subjects according to their sensitivity to multiple modalities of pain [17] . Subgrouping these subjects into distinct profiles has not yet proven to be successful. In the present study, cluster analysis was used to identify subgroups of healthy subjects with different levels of sensitivity to pain, based on their response to experimental noxious heat and cold stimuli. Moreover, there was an attempt to determine if the subjects in these subgroups differed in their Cloninger's three dimensions of personality scores [18] (i.e., outcome measure). Given the complexity of the pain experience and the associations found with personality traits in previous research [6] we deemed it worthwhile to further explore this issue in an attempt to strengthen earlier findings.
Methods

Subjects
Participants were 191 healthy paid students, including 105 females and 86 males, ranging in age from 18 to 39 (mean age ± SEM 24.5 ± 0.25). Subjects were enrolled in the study after meeting the following inclusion criteria: 1) healthy and free from chronic pain of any type; 2) no medication use (except for oral contraceptives); 3) able to understand the purpose and instructions of the study. Subjects who were suffering from any medical or painful condition, using medications or pregnant were excluded from the study. The study was approved by the local ethics committee.
Instruments and Tests
Noxious Cold Perception
The cold pressor test (CPT) apparatus (Heto CBN 8-30 Lab equipment, Allerod, Denmark) is a temperaturecontrolled water bath with a maximum temperature variance of ±0.5˚C, which is continuously stirred by a pump. Subjects were asked to place their right hand in the CPT (1˚C) in a still position with their fingers spread wide apart. A stopwatch was simultaneously activated, and the subjects were requested to maintain their hand in the cold water for as long as they could. A cut-off time of 180 seconds was set for safety reasons. Subjects were instructed to indicate the exact point in time when the cold sensation began to elicit pain. The time until the first perception of pain, measured in seconds (s), was defined as the threshold of cold pain. Immediately after hand withdrawal, the subjects were asked to mark their maximal pain intensity on a 0 -100 visual analogue scale (VAS), where 0 represents "no pain" and 100 represents the "worst pain one can imagine." The latency of intolerability (spontaneous hand removal), as measured in seconds (s), was defined as the level of pain tolerance. The tolerance for subjects who did not withdraw their hand for the entire 180 s was recorded as 180 s.
Noxious Heat Perception
A thermal testing analyzer (TSA) thermode of 30 × 30 mm (Medoc TSA-2001 device, Ramat Ishai, Israel) was attached to the skin of the left hand above the thenar eminence. A phasic heat pain stimulation of 47˚C for three seconds was delivered, starting from 37˚C and increasing at the rate of 1˚C/sec. The subjects were asked to mark their maximal heat pain intensity on a VAS (0 -100).
Conditioned Pain Modulation (CPM)
In order to induce CPM, the heat stimulation was considered as the "test stimulation", whereas the noxious cold stimulation was used as a "conditioning" stimulation. After the first heat stimulus provided the baseline heat pain rating, subjects were asked to immerse their right hand into the CPT at 12˚C. Following 15 seconds of immersion and again at 30 seconds, while the hand was still in the CPT, the second and third heat pain stimuli were delivered and pain intensities were recorded (test 1 and test 2, respectively). Subjects were then asked to remove their hand from the CPT. Two additional heat stimulations were administered 15 and 30 seconds subsequent to removal of the hand from the CPT, and pain intensities were again recorded (test 3 and test 4, respectively). A numerical pain scale (NPS, 0 -100), was used by subjects to rapidly rate the pain intensities experienced during each heat stimulus. The NPS was used verbally since both hands were occupied by the two different devices (TSA and CPT). Since the maximal CPM was expressed after 30 seconds of hand immersion in the CPT (test 2), all CPM related analyses were based on the reduction of pain scores obtained in test 2 from the baseline pain scores.
Outcome Measure-The Tridimensional Personality Questionnaire (TPQ)
Cloninger's Tridimensional Personality Questionnaire (TPQ) is a 100-item true/false self-report inventory [19] . It is based on the hypothesis that neurotransmitters determine stimulus-response characteristics. Accordingly, three sets of behavioral manifestations and their corresponding neurotransmitters are hypothesized: 1) Novelty Seeking (NS), which is described as a tendency to respond with intense excitement to novel stimuli, is associated with dopamine; 2) Harm Avoidance (HA), which is defined as a tendency to respond intensely to previously established signals of aversive stimuli and to passively avoid novelty, is associated with serotonin; and 3) Reward Dependence (RD), which is characterized as a tendency to respond intensely to signals of reward and to maintain behavior previously associated with reward or relief of punishment, is associated with noradrenaline. The total score for each dimension is calculated. Test-retest correlations are found to be moderately high [20] . The questionnaire has been translated into several languages and used in a variety of studies.
Study Design
Subjects were recruited through advertisements posted on notice boards at local universities. Responders received a full explanation about the purpose and design of the study. Potential participants who met the inclusion criteria were asked to sign a written informed consent and were enrolled in the study. After completing the Hebrew version of the TPQ, subjects were administered the pain tests. All tests were conducted during the morning hours in random order, with an interval of at least 10 min between the tests (CPT, TSA, CPM). A training session was provided 10 min prior to the beginning of the experiment in order to familiarize the subjects with the pain tests.
Statistical Analyses
All analyses were conducted using the SPSS for Windows Version 19 statistical package (SPSS, Inc., Chicago, IL). Descriptive statistics and frequency distributions were generated for the sample characteristics. Hierarchical cluster analyses were done to identify subgroups of subjects based on their responses to the five pain tests (i.e., heat pain intensity, cold pain threshold, tolerance, and intensity, CPM). Prior to cluster analysis, scores were standardized using Z-scores to adjust for the value ranges of the different scales in order to "equalize" the scales of all parameters [21] .
Determination of the "stopping rule" for the number of clusters was conducted using a two-stage process: hierarchical clustering to identify large inconsistent increase of coefficients in the agglomeration schedule and dendrogram; and K-means cluster analysis to confirm and optimize results [21] [22] .
The cluster analyses yielded two clusters were obtained for the data. Independent Sample two tailed t-test was employed to test differences in pain scores between the two subgroups. Multiple Analyses of Variance (MANOVA) were used to determine if there were significant differences between the two clusters-derived subgroups based on the scores of the TPQ. Results were considered significant at the 0.05 levels. All results are given as mean ± SEM. Table 1 depicts the descriptive values of the eight examined parameters (five pain tests and three personality traits) for the entire sample (n = 191).
Results
Based on the classifications of the two-cluster solution, 57% of the sample (n = 109; 50 F and 59 M) was categorized as a "low pain" subgroup and 43% (n = 82; 55 F and 27 M) as a "high pain" subgroup. Table 2 shows the differences between the two clusters in the pain scores. As can be seen, subjects in the low pain subgroup reported a significantly lower heat pain intensity (p < 0.001), a higher cold pain threshold (p = 0.010), a longer cold pain tolerance (p < 0.001); a lower cold pain intensity (p < 0.001); and lower magnitude of CPM (p < 0.001) than the high pain subgroup. The standardized scores (Z) of all parameters for the two subgroups are shown in Figure 1 .
Differences in subjects outcomes-Significant differences between the two groups were found in regard to the TPQ (MANOVA, F = 2.933, p = 0.035). Specifically, HA scores were significantly lower (p = 0.05) at the "low pain" subgroup than at the "high pain" subgroup (11.6 ± 0.6 vs. 13.5 ± 0.8, respectively); RD scores were significantly lower (p = 0.05) at the "low pain" subgroup than at the "high pain" subgroup (18.9 ± 0.5 vs. 20.2 ± 0.5, respectively); no significant difference in NS scores was found ( Table 3 ).
Discussion
By using a cluster analysis to combine sensitivity to multiple modalities of experimental pain parameters, we have been able to identify two distinct subgroups of subjects. The "low pain group" (57% of the sample) reported low levels in response to all five pain stimuli, indicating low degree of sensitivity to pain and the "high pain group" (43% of all subjects) reported high levels in response to all five pain stimuli, indicating high degree of sensitivity to pain. In addition, the high pain had significant higher scores of HA and RD than the low pain group. While cluster analysis can be a valuable strategy for identifying low-and high-risk groups of patients with pain who warrant different pain management interventions, only limited studies have used it in this regard thus far. Bruehl and his colleagues [23] used a cluster analysis and identified three distinct subtypes of patients with complex regional pain syndrome based on similarity of signs and symptoms. Hurtig and her colleagues [24] categorized two subgroups of fibromyalgia patients based on their heat and cold thermal pain thresholds. Also working with fibromyalgia patients, Giesecke and his colleagues [25] determined their subgroups based on pressure-pain sensitivity, mood (evaluated by depression and state-trait anxiety levels), and cognition (assessed by the level of catastrophizing and coping strategies). In contrast, only one study used cluster analysis with healthy volunteers to identify distinct subgroups of sensitivity to pain based on the response to multiple (thermal, mechanical, and ischemic) experimental pain modalities. The results revealed one group of "overall pain sensitive" subjects, but failed to demonstrate any other subgroups that were consistently "mildly" or "moderately" sensitive to all of the pain modalities. The authors noted that their findings highlight the need for further investigation in order to identify patterns of responses across different pain modalities and thereby characterize individual differences in response to experimental pain [17] .
There are further findings in the present study that deserve consideration. First, the mean cold pain tolerance of the total sample in the present study was almost 40 seconds, with a large interpersonal variability (~37 SD). Approximately 20% of the subjects were able to tolerate the cold water for more than 50 seconds. This finding is in line with prior reports on tolerance ratios in healthy subjects [26] [27] . When dividing the sample into clusters, the low pain subgroup exhibited a longer cold pain tolerance than the high pain subgroup, with a significantly and exceptionally longer time for hand withdrawal from the cold water. The fact that the low pain cluster was based on four additional pain parameters, suggests that tolerance is an integral part of this pattern. Thus, these Table 3 . Differences in personality trait scores between the two subgroups. findings highlight the relevance of pain tolerance as a measure of responsiveness to pain, rather than just as a psychological factor. The findings also emphasize the importance of clustering several parameters into subgroups, as individual parameters sometimes overlap and cannot distinguish between those subgroups. Another notable point refers to the fact that the magnitude of CPM was also differed between the groups. CPM paradigms are often used to assess the diffuse noxious inhibitory control (DNIC) system [28] [29] . The results of the present study indicate that the high pain cluster includes individual with high magnitude of CPM and vice versa. One explanation to this finding is the fact that significant difference in the initial heat pain test was found between the two groups. Specifically, the high pain group had significant higher baseline heat test pain scores than the low pain group. This finding is in the same line of our previous report indicating that one of the main factors affecting the magnitude of CPM is the intensity of baseline pain test perceived, such that higher initial pain levels were significantly correlated with high magnitudes CPM and was the strongest predictor for its magnitude [30] . To the best of our knowledge, literature search did not raise any other study that examined the relations between sensitivity to experimental pain in healthy subjects and the magnitude of CPM. Therefore, further studies are warranted to support this finding. According to the current results, it is suggested that both static and dynamic QST have the potential to become useful in subgrouping individuals' sensitivity to pain.
An additional finding relates to our outcome measure, personality traits. Although it is widely recognized that pain is influenced by personality [31] in [32] , different studies employing a variety of personality tools have yielded conflicting results. During the last decade, several studies have applied Cloninger's theory to the area of pain perception in healthy subjects as well as to various clinical pain conditions. We have previously demonstrated that a high HA level was the major trait determining heightened cold pain perception in healthy volunteers [6] . Even more so, in that previous study we also found that individuals with a high score of HA in combination with a low score of RD appear to be the most sensitive to pain, whereas those with a low score of HA and a low score of RD appear to be the least sensitive to pain. This finding led us to claim that the principal factor that seems to determine pain perception is the scoring of HA. In the clinical setting, one study showed that chronic pain patients scored higher on HA than did pain-free controls [33] . Glazer and his colleagues [34] also showed that patients with fibromyalgia and their relatives had higher HA scores than the controls. Along the same line, another study showed that cutaneous allodynia was associated with HA, depression, and anxiety in migraine patients [35] . Granot [36] found that higher scores of HA and RD were associated with enhanced heat pain ratings and had an impact on pain perception in healthy subjects as well as in women with vulvar vestibulitis syndrome. All these findings indicate that HA scores seem to predict sensitivity to pain. According to Cloninger's theory, HA individuals tend to be fearful and anticipate harm even under supportive circumstances [18] [19] . Furthermore, HA is viewed as a personality dimension that predisposes one to fear-avoidance behavior [33] and consequently worsens the pain problem [37] . As for the RD, according to Cloninger's theory high RD scores represent individuals who respond intensely to signals of reward, sensitive to social cues, tend to share their feelings and motivated to please others [19] . It may be that since RD includes components of social cues and pleasing others, it is hard to draw conclusions from this trait into pain behavior and pain sensitivity.
Our previous research [6] and the current study demonstrate associations between sensitivity to pain and personality traits in two different prisms which make the findings hard to compare, even if some of them go in the same line (e.g., high pain relates to high scores of HA). More specifically, while at the former study the subgroups were based on combined mean of HA and RD scores and the analyses were performed separately for each pain parameter, at the present study the subgroups were based on clusters each composited by five different pain parameters and the analyses were based on correlations with each trait.
The second noteworthy point is on pain tolerance, which refers to the maximal time that a subject can endure the noxious stimulation [10] . There are numerous QST studies that assess tolerance in relation to one of the variables evaluating pain perception. However, some authors tend to criticize this parameter and argue that tolerance is influenced by motivation and psychosocial factors to a greater extent than direct scaling [38] . Moreover, it has been suggested that tolerance is not an equivalent measure of responsiveness to pain [26] . These claims relegate tolerance to the level of a questionable variable in the assessment of sensitivity to pain.
Conclusion
In conclusion, the present study identified clusters of healthy subjects based on their pain response and demonstrated their relationship with personality traits. This method of phenotyping pain responsiveness may be valuable in the selection of subjects for experimental and clinical trials. Furthermore, it may be useful for identifying the mechanisms underlying individual variability in the sensitivity to pain and may point to groups at risk for experiencing high levels of clinical pain. As such, this method of subgrouping may contribute to predicting clinical outcomes and to individualizing pain treatment regimens [10] . Notably, these findings warrant replication in future studies with patients who have a variety of other painful conditions before clinical relevance can be definitively determined.
